The very narrow limits within which the levels of cerebrospinal fluid (CSF) calcium, magnesium, and their ratio, are maintained have been reported from this laboratory.8 The data obtained from patients without signs of neurological condition or psychosis are in good agreement with the results obtained by Stutzman and Amatusio.1' CSF calcium is at 4.95 mg.%4± 0.11, magnesium at 3.01 mg.% ±-0.03, and their ratio is 1.64 + 0.03.
DISCUSSION
Statistical analysis of the data presented in a previous investigation establishing NPP values for CSF calcium, magnesium, and their ratio8 shows the extremely narrow range in which these metabolites are maintained ( Fig.  1) . Slight increases or decreases in CSF calcium are accompanied by concomitant changes in magnesium but always within the narrow range (Fig.  1) .
In striking contrast is the analysis of the data obtained in the present investigation. In general, CSF calcium is found to be increased above NPP levels while CSF magnesium is below, and as calcium levels rise, magnesium levels fall. The Ca++/Mg++ ratio is always abnormal (Fig. 1) . These changes are independent of the levels of serum calcium and magnesium. It is our hypothesis that the CSF variations are due to alterations in the permeability of the blood-brain barrier, (BBB), and the deviation of the Ca++/ Mg++ ratio is an indicator of permeability change.
The anatomical location of the BBB has been designated by various investigators as the endothelium of the cerebral blood vessels,' the "suckerfoot" processes of astrocytes attached to vessel walls,2 and the intercellular ground substance elaborated and maintained by the neurones and neuroglia.10 However, the functional existence of the BBB has been proven by numerous investigations. Thus, magnesium, chloride, and sodium are normally maintained at a higher level in the CSF than in the blood, while protein, calcium, cholesterol, inorganic phosphate, glucose, and many other metabolites are maintained at a lower level in CSF than in the blood or are absent altogether.9"' Many explanations for the existence of the barrier have been proposed but the best one is probably that of Tschirgi. He has traced the development of this barrier phylogenetically and concludes that it represents a mechanism producing a peculiarity in the exchange of solutes and other substances between the plasma and the intercellular fluids of the central nervous system, and since the CNS coordinates and integrates the activity of the organism with respect to its internal and external environ-ment, it must have a highly stable local environment to be immune from disastrous shifts of blood-solutes."6
Bakay' in experiments with radioactive phosphorus, Haugaard,9 using isotopically tagged insulin, Fishman,' using radioactive iodinated albumin, Eichorn et al., 8 have devised a test using salicylic acid to study the permeability of the BBB. When salicylic acid was given orally to normal healthy patients the ratio of salicylate in blood and CSF was 5.9-7.2 (permeability quotient, P.Q.). This test was applied to 39 patients suffering from psychosis with functional and organic etiology.6 In 36 of these patients the P.Q. was above (max. 11.33), or below (min. 4.1), the normal range of 5.9-7.2. There was no correlation between the salicylate excreted and the concentration in the blood serum and CSF. On the other hand, it has been found that the parenteral administration of streptomycin did. not reach inhibitory levels in the CSF. However, simultaneous administration with hyaluronidase led to the passage of these antibiotics into the CSF and histamine increased the action of hyaluronidase while calcium chloride inhibited the synergistic action of histamine.'8 Similarly, acetylcholine shock renders the BBB permeable to electro-positive dyes but not to electronegative ones.' In patients with various mental diseases, these findings are in good support of our contention that the deviation of the Ca++/ Mg++ ratio from NPP values is due, at least in part, to an alteration of the permeability of the BBB. It has been stated that it is probable that the BBB serves a homeostatic function and that impairment of this function would render the CNS peculiarly vulnerable (to toxins, or abnormal metabolites), with the possibility that many neurological diseases and dysfunctions are reflections of such impairment."
There is also evidence that abnormal Ca++/Mg++ ratios are transitory and reversible. In case No. 49 of this series, one of psychosis associated with Cushing's syndrome, the calcium of the CSF was very high at 10.4 mg.% while no magesium could be demonstrated. Serum calcium and magnesium were within normal limits. Eight days later, after administration of ACTH (No. 49a), CSF calcium approached NPP values, the magnesium was within the limits of NPP values, and a Ca++/Mg++ ratio was obtained in agreement with NPP values.
In case No. 50, diagnosed as psychosis with hypopituitarism, the CSF Ca++/Mg++ ratio was found to be 3.00, due to lowered magnesium and increased calcium. After ACTH treatment the ratio dropped to 2.60, but there was a further increase in the CSF calcium with an increase in magnesium. Serum calcium and magnesium were within normal limits.
Case No. 53 showed essentially the same picture as No. 49, high CSF calcium and no magnesium. Again, after the administration of ACTH, CSF calcium fell toward NPP levels and magnesium appeared approaching NPP values. The Ca++/Mg++ ratio was still abnormal.
In four cases of luetic meningo-encephalitis (No. 14, 14a; 18, 18a; 19, 19a; 23, 23a;), there was the usual deviation of the Ca++/Mg++ ratio in the CSF, but after routine intensive penicillin treatment the ratio showed a return toward NPP values.
It is suggested that such substances as various toxins, normal or modified hormones, and abnormal metabolites may be able to alter the permeability of the BBB either specifically to particular metabolites or to metabolites in general. The resulting upset of homeostasis in the intercellular fluids of the CSF could be manifested as neurological disease and dysfunction. CSF Ca++/Mg++ ratio is an index of this change and may be of value as a diagnostic and prognostic aid. It is possible that the psychosis producing drugs such as mescaline, d-lysergic acid, and others, may be able to act in a similar manner. Investigation of these drugs from this aspect is being planned.
The effects of calcium and magnesium as activators and inhibitors of enzyme systems at the level of the neurons and nerve fibers cannot be ignored, but it is felt that the results of the present investigation are better explained in terms of the BBB.
SUMMARY
In patients with varied functional and organic psychosis, cerebrospinal fluid calcium, magnesium, and their ratio deviate markedly from the values established in our study of non-psychotic patients.
These deviations indicate abnormal changes in the permeability of the blood-brain barrier, which may be due to the effects of toxins, normal or modified hormones, and abnormal metabolites.
Permeability changes in the blood-brain barrier are transitory and reversible.
Cerebrospinal fluid Ca++/Mg++ ratio can be of diagnostic and prognostic value.
